Abstract. CD44 has been implicated in tumor development and progression in several types of cancer. CD44 expression is altered in renal cell carcinoma (RCC) and has been suggested as a useful prognostic marker, but its prognostic role in RCC remains controversial. We investigated the expression of CD44 in a large homogeneous set of localized clear cell RCC to determine its potential prognostic value. We examined 110 patients with localized clear cell RCC who underwent nephrectomy. The clinicopathological data were obtained retrospectively and the expression level of CD44 was studied by immunohistochemistry. Correlations between CD44 expression and clinical parameters as well as survival were determined. The CD44-high expression group (HEG) was significantly associated with a higher nuclear grade (P=0.014) and tumor recurrence (P<0.001) when compared with the CD44-low expression group (LEG). Concerning survival, the 5-year recurrence-free survival (RFS) rates for the CD44-HEG and CD44-LEG groups were 38.9 and 91.3%, respectively (P<0.001), and the 5-year disease-specific survival (DSS) rates for the CD44-HEG and CD44-LEG groups were 55.6 and 94.6%, respectively (P<0.001). Multivariate analyses showed that CD44 expression [hazard ratio (HR), 9.204; P<0.001] was an independent risk factor predicting RFS in patients with clear cell RCC. CD44 expression remained an independent prognostic factor for DSS (P=0.002). In conclusion, these data indicate that CD44 expression is associated with the progression of clear cell RCC and is an independent poor prognostic factor for tumor recurrence and survival, suggesting that CD44 may serve as a useful molecular marker.
Introduction
Renal cell carcinoma (RCC) is one of the most lethal urologic cancers, with a global incidence of approximately 200,000 new cases and a mortality rate of more than 100,000 patients annually (1) . Of all patients with RCC, 20-30% subsequently experience local or distant recurrence within 5 years after an initial curative nephrectomy (2, 3) . RCC has a dismal prognosis after metastasis has occurred, although immunotherapy and several molecular-targeted agents lead to prolonged survival in some patients with 5-year survivals of <20% (4, 5) . Therefore, it is important to predict which patients will develop disease recurrence after surgery for localized RCC.
Currently, several prognostic models for non-metastatic RCC, such as the University of California Los Angeles Integrated Staging System and the stage, size, grade and necrosis score, are mainly based on clinicopathological parameters (6) (7) (8) . The most important conventional features are pathological tumor-node-metastasis stage, Fuhrman nuclear grade and Eastern Cooperative Oncology Group performance status (ECOG PS). Although risk grouping with these features is possible, significant heterogeneity persists among patients with a similarly predicted prognosis. In addition to clinicopathological prognostic features, several molecular and genetic tissue markers have been investigated as potential prognosticators for RCC, suggesting that molecular markers may play an important role in predicting prognosis (4, 9, 10) .
CD44 is a ubiquitous multistructural and multifunctional cell surface adhesion molecule involved in cell-cell and cell-matrix interactions. Several isoforms of CD44 have been identified and are the result of alternative post-transcriptional splicing modifications of 10 exons within a single gene located on the short arm of chromosome 11. CD44 transmembrane glycoproteins were originally described to mediate lymphocyte homing to peripheral lymphoid tissues through an interaction CD44 is associated with tumor recurrence and is an independent poor prognostic factor for patients with localized clear cell renal cell carcinoma after nephrectomy with hyaluronic acid on high endothelial venules (11) (12) (13) . The standard form of CD44 is the main receptor for hyaluronate and has been found to play a vital role in the hematogenous dissemination of tumor cells in various human cancers (14) . Although CD44 is closely associated with proliferation, metastasis, cancer recurrence and prognosis, contradictory results have been reported concerning CD44 overexpression in relation to tumor development and progression in different tumors at different sites (15) . CD44 expression is altered in RCC and has been suggested as a useful prognostic marker, but its prognostic role in RCC remains controversial (13, (16) (17) (18) (19) (20) (21) (22) (23) . In the present study, we examined CD44 expression as a prognostic marker in tumor specimens from patients with localized clear cell RCC (CCRCC) and investigated the relationship between CD44 expression and clinicopathological features and patient survival. Specimen preparation and immunohistochemistry. Sections (3-µm thick) were cut from recipient blocks, placed on 3-amino-propyltriethoxysilane-coated slides and dried at 57˚C for 2 h before staining. All procedures were performed at room temperature, as recommended by the manufacturer. Briefly, sections were dewaxed in xylene and rehydrated in a graded alcohol series. Sections were then washed in water before antigen retrieval using a Dako PTLink machine (Dako, Glostrup, Denmark) with 10 mM sodium citrate buffer (pH 6.0) at 97˚C for 20 min. The sections were then treated with 3% hydrogen peroxide for 10 min to block endogenous peroxidase and were preincubated with a serum-free protein block solution (Dako, Carpinteria, CA, USA) for 20 min to eliminate background staining. Monoclonal mouse CD44 antibody (NeoMarkers, Fremont, CA, USA) as a primary antibody was diluted 1:800 with background-reducing diluents (Dako, Carpinteria, CA, USA). After 30 min of incubation in a humidity chamber and a wash with Tris-buffered saline Tween-20 (TBS-T), the slides were incubated for 30 min with an EnVision anti-mouse (Dako, Glostrup, Denmark) polymer. Reaction products were visualized with diaminobenzidine plus substrate-chromogen solution applied for 5 min. The slides were counterstained with Meyer's hematoxylin and mounted. Careful rinses with several changes of phosphate-buffered saline (PBS) were performed between each stage of the procedure. Negative controls were prepared by excluding the primary antibody.
Materials and methods

Patients
Evaluation of immunohistochemical staining. The immunohistochemical staining results were evaluated by two independent pathologists (Jin Man Kim and Zhe Long Liang), who were blinded to the clinicopathological details of the patients. Immunohistochemical staining was categorized according to a scoring method; tumors were classified into four grades based on staining intensity (0, none; 1, weak; 2, intermediate; and 3, strong). In the case of heterogeneous staining within a sample, the respective higher score was chosen if >50% of cells exhibited that staining intensity. The scores of two tumor cores from each patient were averaged to obtain a mean score. Cases with staining intensity scores of 0-2 were placed in the CD44-low expression group (CD44-LEG), and those with staining intensity scores of 3 were placed in the CD44-high expression group (CD44-HEG).
Statistical analyses. Pearson's χ 2 test was used to assess the correlation between CD44 expression and clinicopathological features. Recurrence-free survival (RFS), disease-specific survival (DSS) and overall survival (OS) were estimated using the Kaplan-Meier method and the log-rank test. RFS was measured from the date of nephrectomy to the date of recurrence or death from CCRCC. DSS was measured from the date of nephrectomy to the date of death from CCRCC only. OS was measured from the date of surgery to the date of death from all causes. A Cox's proportional hazards model was prepared to analyze the effect of CD44 expression on RFS, DSS and OS. A P-value <0.05 was considered statistically significant. All statistical analyses were conducted using SPSS statistical software (vers. 13.0; SPSS, Inc., Chicago, IL, USA).
Results
Patient characteristics. The patient characteristics are summarized in Table I . Median age was 60 years (range, 30-78 years), and 71.8% of the patients were male. Of the patients, 44.5% were ECOG 0, whereas 53.6 and 1.8% were ECOG 1 and 2, respectively. Median tumor size was 5 cm (range, 1-15 cm). Of the patients, 42.7, 15.5 and 41.9% had pT1-pT3 primary tumors, respectively. Fuhrman nuclear grading demonstrated grade 1-4 lesions in 14.5, 68.2, 14.5 and 2.7% of patients, respectively. In total, 17.3% of the patients experienced recurrence following nephrectomy (Table II) .
Immunohistochemical analysis for CD44 expression in CCRCC.
We analyzed the expression patterns of the CD44 protein using immunohistochemistry from the tissue microarrays (TMAs) of 110 patients with CCRCC. CD44 was diversely stained mainly in the membrane and cytoplasm of CCRCC cells (Fig. 1) . Next, we assessed CD44 expression levels by determining the positively stained tumor cells using the staining intensity score (0, +1, +2 and +3). Eighteen cases (16.4%) showed +3 staining intensity (CD44-HEG), whereas 92 cases (83.6%) showed +2 (21 cases), +1 (16 cases) or 0 (55 cases) staining intensity (CD44-LEG).
Correlation between CD44 expression and clinicopathological features. We next investigated the correlation between CD44 expression and various clinicopathological parameters. The results are summarized in Table II . No significant difference in age, gender, ECOG PS or tumor size was detected. However, CD44-HEG tumors tended to have a higher T stage (pT2 and pT3) compared with CD44-LEG tumors (72.2 vs. 53.3%). Furthermore, the CD44-HEG group was significantly associated with a higher nuclear grade (P=0.014) and tumor recurrence (P<0.001) than those in the CD44-LEG group.
Correlation between CD44 expression and survival. To further investigate the clinical usefulness of CD44 expression in CCRCC, we compared RFS, DSS and OS based on CD44 expression. The 5-year RFS, DSS and OS rates were 82.7, 88.2 and 81.8%, respectively, for the entire study population. The survival curves according to CD44 expression are depicted in Fig. 2 . The 5-year RFS rates for the CD44-HEG and CD44-LEG groups were 38.9 and 91.3%, respectively ( Fig. 2A; P<0.001) , and the 5-year DSS rates for the CD44-HEG and CD44-LEG groups were 55.6 and 94.6%, respectively ( Fig. 2B; P<0 .001). The rates of 5-year OS were 50.0 and 88.0%, respectively ( Fig. 2C; P<0 .001). These results clearly show the significant effect of CD44 expression on clinical outcome in patients with localized CCRCC.
Univariate analyses were performed to assess the clinical significance of various parameters that might influence tumor recurrence and survival in patients with CCRCC. As summarized in Table III , Fuhrman nuclear grade (P=0.010) and CD44 expression (P<0.001) were significant risk factors affecting the RFS of patients with CCRCC. Age (P=0.026), Fuhrman nuclear grade (P=0.006) and CD44 expression (P<0.001) were also significant risk factors for DSS. Furthermore, age (P=0.021), Fuhrman nuclear grade (P=0.028) and CD44 Table II . Associations of the expression of CD44 with clinicopathological parameters. expression (P<0.001) were significant risk factors for OS. Multivariate analyses were performed using Cox's proportional hazards model to determine the independent prognostic effects of these factors. These analyses showed that CD44 expression [hazard ratio (HR), 9.204; 95% confidence interval (CI), 3.196-26.506; P<0.001] was an independent risk factor predicting RFS in patients with CCRCC (Table IV) . CD44 expression remained an independent prognostic factor for DSS and OS (P=0.002 and 0.008, respectively; Table IV) . Taken together, our findings indicate that CD44 overexpression could be a useful marker to predict tumor recurrence and survival in patients with localized CCRCC. 
CD44 expression ------------------------------------------------------LEG (n=92) HEG (n=18) ------------------------------------------------
Discussion
To our knowledge, this is the largest study to identify CD44 expression as an independent poor prognostic marker for RFS, DSS and OS in patients who have undergone nephrectomy for localized CCRCC. Patients with high CD44 expression were at 9.2-, 7.9-and 4.0-fold increased risk for poor RFS, DSS and OS, respectively. These results may have important clinical implications for risk stratification, planning of meticulous postsurgical surveillance and the development of adjuvant clinical trials. CD44 proteins have been implicated in several cellular functions, including cell-cell and cell-matrix adhesion, migration and tumor metastasis. Cell adhesion and migration are critical steps in malignancy, and hyaluronic acid, which is the main component of the extracellular matrix, can activate the CD44 receptor, resulting in adhesion, invasion, and extravasation for metastasis. CD44 also interacts with soluble extracellular proteins and acts as a platform to harbor growth factors and matrix metalloproteinases. The binding of heparinbinding growth factor to heparan sulfate proteoglycans is prerequisite to the activation of the high-affinity epidermal growth factor receptor 4 tyrosine kinase, which signals cell survival (24, 25) . CD44 ablation in some types of murine and human cancers significantly reduces tumor induction (26) (27) (28) Antibody blockade of CD44 results in a significant reduction in the invasive capacity of tumor cells in patients with RCC (19) . However, the mechanism of such pathogenesis has not been clearly elucidated.
Several CD44 isoforms are the products of alternative splicing, resulting in considerable heterogeneity in CD44 expression among different tissues (29) . The clinical significance of CD44 and its variants in various cancers is the subject of ongoing debate, due to contradictory findings regarding its prognostic and predictive value (15, 29) . The significance of CD44 isoforms in RCC progression and metastasis is also controversial, and most studies have examined small, heterogeneous cohorts of patients with varying demographic parameters, such as histology and tumor extent (13, (16) (17) (18) (19) (21) (22) (23) . Tawfik et al (13) and Lucin et al (20) reported that CD44 shows no independent prognostic value for the prediction of patient survival. Bamias et al (16) also indicated that CD44 expression tended to correlate with T stage, but found no association between CD44 expression and survival. Additionally, Matusan et al (23) reported that upregulation of the CD44s and v6 isoforms, although found in a considerable number of papillary RCCs, appears to have no prognostic value in this type of renal cancer. However, Paradis et al (18) demonstrated that CD44 is an independent prognostic factor for OS and DFS, suggesting that it could be a useful prognostic parameter in conventional RCC, although they analyzed only 66 cases. Gilcrease et al (21) also reported that CD44 expression correlated with progression or recurrence in only 25 patients with CCRCC. Rioux-Leclercq et al (19) showed that CD44 expression appeared to be a powerful marker for identifying patients with an adverse prognosis, although the study included 73 patients with differing histology and tumor extent. In the present study, we focused on patients with localized CCRCC who underwent curative surgery because this population was homogeneous. The ability to predict which patients will develop recurrence after surgery is valuable; the identification of a new molecular marker is thus greatly needed. Our results showed that CD44 expression tended to be correlated with T stage and was significantly associated with Fuhrman nuclear grade, comparable with other reports (30, 31) . Furthermore, univariate and multivariate analyses showed that CD44 expression was significantly associated with RFS, DSS and OS, suggesting that it might be a useful prognostic marker independent of other factors.
Our study had some limitations. First, this study was based on a retrospective analysis, although all patients in our study population had CCRCC and were followed up for at least 5 years. Second, the number of patients was relatively small, although this study was the largest providing evidence that CD44 expression is inversely related to survival in patients with CCRCC who underwent curative surgery. Thus, a welldesigned prospective study with a large number of patients is needed.
In conclusion, our results indicate that CD44 expression was associated with the progression of CCRCC and was an independent poor prognostic factor for tumor recurrence and survival, suggesting that CD44 may serve as a useful molecular marker.
